Objective: Increased male participation in antenatal care and uptake of couple voluntary counselling and testing (VCT) for HIV could reduce horizontal and vertical HIV transmission in sub-Saharan Africa.
Introduction
In 2008, around 430 000 (plausibility bounds, 240 000-610 000) infants were infected with HIV mainly through parent-to-child transmission (PTCT), bringing the total number of children to 2.1 million (1.2-2.9 million) under the age of 15 years living with HIV [1] . In 2008 alone, 280 000 (150 000-410 000) children under the age of 15 years succumbed to AIDS [1] . Prevention of horizontal and vertical transmission during pregnancy requires communication, agreement and cooperation between couples [2] [3] [4] [5] [6] [7] . However, traditionally, prevention of PTCT (PPTCT) programmes focus on pregnant women and the role of men is ignored; men are indeed the forgotten half of this equation.
Male sexual partners (MSPs) often influence the decisions that women make during and following pregnancy in sub-Saharan African communities, such as on mode of delivery and infant feeding [8] . Couple counselling has been promoted as a strategy to improve uptake of PPTCT interventions and to minimize adverse social outcomes associated with disclosure of HIV status [9] [10] [11] [12] [13] . In a prospective nonrandomized clinical trial cohort in Kenya, partner participation in voluntary counselling and testing (VCT) was associated with increased uptake of interventions to prevent vertical and sexual transmission of HIV [14] . However, few other scientific studies have been conducted to evaluate strategies for involving male partners in PPTCT programmes in areas of high HIV prevalence.
In this study, we assess the acceptability and feasibility of asking pregnant women to invite their MSPs to attend antenatal clinic (ANC) and to take up VCT in Khayelitsha, Cape Town, South Africa in the context of antiretroviral treatment (ART) provision and a community sensitization programme. Particularly, we report findings from a randomized controlled trial (RCT) of pregnant women's acceptance of written invitations for VCT and pregnancy information sessions (PISs) for their MSPs and uptake of VCT among these pregnancy partners.
Methods
Community sensitization activities to encourage involvement of men in ANC were carried out in the study area from 9 months before the start of the RCT and during recruitment and follow-up. Flyers and posters were distributed and displayed at places frequented by men at the beginning of each phase of the campaign and the distribution was maintained in the subsequent months. Residents meetings, radio shows and church meetings to discuss and encourage male participation in ANC were held every week.
Between November 2006 and December 2007, we screened consecutive pregnant women attending for their ANC booking visit at site B midwife and obstetrician unit (MOU) in Khayelitsha, Cape Town, South Africa for inclusion in this study. This clinic was chosen for the study because it had facilities for interviewing men and provision of ART. The criteria for enrolment were gestational age less than 30 weeks and willingness and ability to give informed consent. The study was approved by University of Cape Town Ethics Review Committee in South Africa (Ethics Committee, REC REF: 297/ 2006 ) and was registered with ClinicalTrials.gov (NCT00405990).
At the booking visit, all women were offered antenatal care, HIV group education and individual VCTas usual in the study setting. Women were screened and, if eligible to participate, received a thorough explanation of the study, including the objectives and procedures, and were invited to sign the consent form and enrol into the study. Half of the cohort members were randomly assigned to MSP VCT and the other half to an MSP PIS. The randomization was prepared before the first woman was enrolled using the Access 2003 computer-generated randomization scheme.
Sealed opaque envelopes were prepared containing the details of the study arms to which women would be allocated. Each envelope was used once and was opened only if a pregnant woman gave written consent to participate in the study. The opaque envelopes were labelled on the outside with sequential study identification numbers. When a new participant was ready to be randomized, clinic staff opened the next envelope in the series, assigned her the corresponding study identification number and allocated her to the group indicated. It was not possible for the clinic staff or the research team to know in advance the treatment allocation. It was only after the opaque envelope had been opened that the treatment allocation became known. The process was monitored by the principal investigator to ensure that women were randomized to the correct arm, that written consent was obtained and that the study numbers and open envelopes corresponded.
Each woman in the MSP VCT arm was given a written invitation to hand to her pregnancy partner, inviting him to attend ANC and VCTwith her the following week. In the MSP PIS arm, each woman was given a written invitation to give to her pregnancy partner, inviting him to attend ANC and PIS with her the following week. A pregnancy partner was defined, for a woman, as the male partner who impregnated her in the current pregnancy and, for a man, as the woman he impregnated in the current pregnancy.
The research team recorded the acceptance of the pregnant women to invite their MSP at enrolment. Participants, research team members and clinic staff were not blinded due to the nature of the study: to assess the acceptability of pregnant women to inviting their partners to either VCTor PIS. No financial or other inducements were offered to the women or their partners for accepting the invitations or attending for VCT or PIS.
At the two study/couple visits, 1 and 12 weeks after randomization, pregnant women and their MSPs were interviewed, using a privately administered structured questionnaire and the informal confidential voting interview technique [15] for data on sexual behaviour in the local language, isiXhosa, by the principal investigator and a research assistant.
Men in the MSP VCT and MSP PIS arms were offered VCT and PIS, respectively. The PIS procedure consisted of routine pregnancy counselling and discussion on signs of fetomaternal compromise. The counsellor discussed the pregnancy with the participants; using fetal pictures, routine pregnancy charts and ultrasound results were available. The participants were given ample opportunity to ask questions. Thereafter, the counsellor focused the discussion on pregnancy warning signs. Signs such as decreased fetal movement, bleeding during pregnancy, show, breaking of waters, headaches, swelling and abdominal pains were discussed and the necessary action recommended.
The VCT procedure consisted of confidential counselling and voluntary HIV testing. The counsellor discussed HIV risk behaviour, risk assessment, coping with test results, serodisclosure, risk reduction strategies and the benefits of testing. The participants were allowed ample time to ask questions. Thereafter, the HIV testing procedure and the limitations of HIV testing were discussed. The counsellor ensured that the participants understood the procedure and requested informed consent. If the participant agreed to take the test, he was asked to sign an HIV testing consent form.
Those who consented to HIV testing underwent rapid HIV testing and posttest counselling at the same sitting. Men in the MSP PIS arm whose pregnant partner tested positive for HIV were also offered VCT and HIV testing at this first couple visit. VCT was also provided if requested by any study participant at any stage of the study irrespective of study arm (because it was considered unethical not to offer VCTon request). The remainder of the male partners in the MSP PIS arm were offered VCT at the second study/couple visit late in pregnancy (12 weeks after the first visit).
All laboratory blood tests were conducted by the clinic nursing staff in a routine manner following pre-existing local protocols. HIV testing was performed using HIV TRI LINE Rapid test and, when the result was positive, was repeated with InstantScreen Rapid HIV-1/2 assay for confirmation. If the initial results were indeterminate (discordant), a standard HIV ELISA antibody test (Abbott Axsym, Chicago, Illinois, USA) was performed to determine the HIV status. For all HIV-positive individuals, blood was taken for full blood counts, differential white cell counts and CD4 þ and CD8 þ T-cell counts. All tests were performed using standard analysis in the laboratories routinely used for ANC clients at site B MOU. HIV results were provided by the clinic's lay counsellors in a routine manner as part of posttest counselling. Individuals who tested positive for HIV with a CD4
þ T-cell count less than 200 cells/ml were referred for HAART assessment and followed up in the ART clinic. All women received their antenatal care as usual from the ANC and were referred appropriately as required. Women and men were each offered ART if appropriate and formula feeding (or exclusive breastfeeding) was recommended. All HIV-positive individuals were given information about local HIV support groups and ART clinic.
Statistical analysis
On the basis of the available estimates of male partner ANC participation and HIV testing [14] , a sample size of 1000 was estimated to be required to detect a 5% difference in these proportions between the study arms at the first study/couple visit, with 90% power.
Data were double entered into a database using Stata software (800-STATA-PC, College Station, Texas, USA; copyright [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] . The analysis proceeded according to a detailed preprepared data analysis plan. The primary analysis was conducted on an intention-to-treat basis and included all randomized participants. The proportions of women bringing MSPs to attend ANC and VCT were calculated separately for each study arm and compared statistically across the study arms using Fisher's exact test, with tests for significance being two tailed (P < 0.05).
Univariate and multivariate logistic regression analyses were conducted to identify factors associated with male partner attendance adjusted for age, partner's age, education, employment, living arrangement, relationship status, HIV status and partner's HIV status.
The following variables were used to assess sexual behaviour: overall sexual activity, defined as sexual intercourse, with and without condoms, and unprotected sex, defined as sexual intercourse without condoms in the last 2 weeks before the couple visits. Intimate partner violence was defined as physical and/or sexual violence and/or psychological abuse among men and women who attended couple visits in each study arm at both visits. Variables considered as violence included occurrences of different types of physical (slap or punch, kick, push, etc.), psychological (threats, insults, humiliating remarks, abnormal jealousy, fear, etc.) and sexual abuse (nonconsensual sex) with the participant's partner. Figure 1 outlines the conduct of the clinical trial. Of the 1122 pregnant women screened, 122 did not meet the eligibility requirements; all had pregnancies with gestational age of more than 30 weeks. At enrolment (before the invitation letter) no MSP attended ANC with their pregnant woman. No woman declined to participate. Of the 1000 women enrolled, 500 were randomly allocated to a partner's PIS invitation letter and the other 500 were allocated a partner's VCT invitation letter. Although all enrolled pregnant women accepted the invitation letter and agreed to invite their current pregnancy partner at the booking visit (enrolment), overall 30% (304) brought their MSP to the ANC at both couple visits. One woman invited her current pregnancy partner and also her other two regular partners. The pregnant women's sociodemographic characteristics at baseline (booking visit) were comparable between the two study arms (Table 1) .
Results
At the first couple visit, 1 week after randomization, 35% (175 of 500) pregnant women brought their MSPs in the MSP VCT arm, compared with 26% (129 of 500) in the MSP PIS arm [relative risk (RR) 1.36, 95% confidence interval (CI) 1.12-1.64, P ¼ 0.002). In the MSP VCT arm, 32% (161 of 500) of pregnant women's MSPs underwent HIV testing compared with 11% (57 of 500) in the MSP PIS arm (RR 2.82, 95% CI 2.14-3.72, P < 0.0001).
In the 175 couples in the MSP VCT arm, 161 men accepted HIV testing and 14 men declined, stating that they were not ready for a test. Of the 129 men in the MSP PIS arm, 72 were offered PIS only, 52 were offered VCT in addition because their pregnant partners tested HIV positive and only five men requested HIV testing in addition to PIS on their own initiative. All the 304 pregnant women tested at booking (11 women knew their HIV status from previous ANC testing and were retested); 218 (72%) men tested at the first couple visit and a further 81 (26%) tested at the second couple visit as per study protocol. Among those tested, 183 women (60%) and 160 men (53%) tested HIV positive.
Before adjustment, the following variables at first couple visit were significantly associated with MSP attendance for ANC: VCT invitation letter, age, partner's age, gestational age (negative association), living together, partner's tertiary education (negative association), woman's HIV infection status and planned pregnancy ( Table 2) . After adjustment, only VCT invitation letter, gestational age, partner's education and woman's HIV status remained associated. These results suggest that VCT invitation letter compared with PIS invitation letter was associated with increased MSP ANC attendance. The proportions of women and men reporting sexual intercourse (in the last 2 months) and unprotected sex (in the last 2 weeks) prior to the first couple visit were similar in the two study arms ( MSP, male sexual partner; PIS, pregnancy information session; VCT, voluntary counselling and testing. women and five male pregnancy partners. There were no reports of separation, divorce or death. When the reports given by all study participants were considered, selfreported intimate partner violence at second couple visit did not differ (P < 0.05) between the two study arms for either women or men -for women: 4% (seven) in the MSP VCT versus 7% (10) 
Discussion
The use of the MSP VCT invitation letter significantly increased the number of MSPs attending ANC and HIV testing compared with the use of a MSP PIS invitation letter. These findings suggest that in Khayelitsha -and perhaps in other similar settings in sub-Saharan Africa -it is possible to increase the number of MSPs attending HIV testing in ANC by inviting them. This is important because VCT may promote safer behaviour particularly among HIV-positive individuals [16, 17] ; it may reduce numbers of men having extramarital partners and may help to support HIV-positive women in taking up PPTCT interventions [14] . Other potential secondary benefits of male partner attendance include earlier diagnosis and better treatment outcomes for men, viral load suppression and less transmission to female partners and referral for circumcision for HIV-negative men.
One of the strengths of this study is that it was conducted in a high HIV prevalence area. Furthermore, the women invited their partners after they had had an HIV test at ANC and had knowledge of their own HIV status; thus, programmes may add this intervention without changing their current practice of testing women at booking. Women can invite their MSPs to attend ANC with them on their second visit and this will increase male uptake of VCT.
The male partner ANC attendance rate of 30% seen in this study was higher than that achieved in the only previous similar study in Kenya, where only 15% of women's MSPs attended ANC and HIV couple counselling [14] . In our study, 92% of the MSPs who attended ANC as a result of the MSP VCT invitation underwent HIV couple testing compared with 44% of those who attended PIS. In the Kenyan study, only 38% of the MSPs who attended ANC participated in couple testing (posttest counselled as a couple). The community sensitization activities and availability of ART (not available in Kenyan study) might have increased the number of MSPs attending ANC and HIV testing in our study. In the multivariate analysis, the VCT invitation letter and woman's positive HIV infection status were positive predictors of MSP attendance, whereas partners' age and gestational age were negative predictors of MSPs' attendance. The VCT invitation letter and woman's positive HIV status may have encouraged women to motivate their partners to attend; on the contrary, MSPs might have been motivated by the opportunity to know their HIV status given the availability of ART. In the PIS arm, offering information about the health of the unborn baby does not seem to have provided sufficient motivation to persuade MSPs to attend ANC VCT. Although the results suggest that male partners will attend ANC and VCT in these circumstances, it is not clear whether MSP attendance would be sustained in future pregnancies or whether, after attendance of the first pregnancy, men would lose interest and not attend ANC in subsequent pregnancies. These questions need to be addressed in future studies.
There was no evidence that inviting male partners to attend ANC and VCT increased the risk of self-reported intimate partner violence in either women or men compared with inviting male partners for PIS in the study setting in Khayelitsha, South Africa. The proportion of self-reported intimate partner violence was comparable between the two study arms at first and second couple visits for both men and women. As in a study done in Kenya in 2006 [18] , the proportions of respondents reporting intimate partner violence for the first time after MSP ANC, VCT and PIS at the second couple visit were very small and did not differ between the two study arms; however, this may have been due to under-reporting. The small numbers may also have limited the power to detect differences in this study. 
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Conclusion
In this RCT, we demonstrated that inviting MSPs to attend ANC and HIV VCT using a letter delivered by their pregnant partners can increase the number of male partners attending counselling and testing in ANC in a high HIV prevalence setting in which ART services are available and community sensitization activities are conducted. However, more studies are needed to assess if our results can be generalized to a broader context.
